Background/Aims: Radiation-induced liver disease (RILD) is a major obstacle in treating liver cancer; however, the mechanisms underlying RILD development remain unclear. Hedgehog (Hh) orchestrates liver response to injury. Herein, we investigated the liver response with Hh to fractionated irradiation (FI) using a small murine model for RILD. Methods: Male mice day after weekly irradiation and 6 or 10 weeks post 5 th FI for the acute and late response model, respectively. Results: The levels of ALT/AST and apoptosis were elevated in all radiation groups. The expression of Hh ligand, Sonic and Indian Hh, and Hh activator, smoothened and up-regulated in this model compared with the control group. Histomorphological changes and ballooned hepatocytes were observed in the late response model. Both the expression control groups. Conclusion: Enhanced RILD murine model suggests hedgehog as the potential regulator in RILD progression and the suitability of this model for studying RILD.
Introduction
Radiation therapy is one of the most effective non-surgical treatments for many cancers and is used in treating approximately 50% of cancer patients [1] . However, application of radiation therapy inevitably leads to normal tissue damage, which limits its application.
Hepatic irradiation also causes cell damage and liver dysfunction [2] [3] [4] . This radiation-induced hepatic injury occurs from two weeks to six months after irradiation and is histologically characterized by a loss of parenchymal hepatocytes and distortion of the lobular architecture, radiation induced liver disease (RILD). RILD is one of the major complications of radiation therapy for liver cancer and is associated with a high mortality rate of patients with liver cancers [4, 10] . Patients with RILD usually have symptoms of fatigue, hepatomegaly, ascites, of patients with RILD bring to hypoxia environment in the livers [13, 14] . This injury results [15] . Hence, it is necessary to investigate the hepatic response to fractionated irradiation Hedgehog (Hh) is the main factor that orchestrates liver response after injury. Hepatic damage triggers the production of Hh ligands [16, 17] . Released Hh ligands stimulate the and progenitors, which are activated and proliferate [16, 18] . Wang et al. showed that Hh signaling was activated and involved in the acute liver response to single-dose radiation with response to radiation, indicating that Hh pathway is associated with the pathogenesis of RILD. However, single follow up time 1-week post irradiation and single-dose irradiation with the relatively low dose employed in the study for the late response to radiation remain limitations in these studies. Therefore, we aimed to establish a mouse model to investigate the liver response to FI, because FI is commonly utilized in therapy for humans. We assessed livers at 6 and 10 weeks after FI in order to identify the effects of radiation on chronic liver .
Methods and Materials
Experimental animal model is described in Fig. 1 . The mice were irradiated with 137 shielding of other parts of body. All mice were irradiated at the same time (3:00 p.m.) of day to eliminate any st nd rd th th th acute and late response model, respectively (Fig. 1) . To compare the age-dependent liver response among control group with seven-, nine-and eleven-week old, liver morphology, the liver and body weight, and
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Total RNA was extracted from liver tissues by using TRIzol reagent (Ambion, Life Technologies). The concentration and purity of RNA were determined using a nanodrop. Template complementary t
Western Blot analysis
in Triton lysis buffer supplemented with protease inhibitors (Roche) and centrifuged at 13,000 g for 15 detection, nuclear fractionation was performed. To prepare nuclear extract, cells were suspended in buffer was then added and the suspension was allowed to sit for 20 min on ice. Following centrifugation at 5000 g for 2 min, the supernatant cytoplasmic extract was collected and subjected to centrifugation at 5000 g for 2 min to remove cellular debris. Nuclear pellet was washed two times with buffer A and resuspended using read at 561 nm. Amount of hydroxyproline in each sample was determined using the regression curve from liver weight contained in the initial sample (50 mg) to get the hydroxyproline contents (mg hydroxyproline per mg liver). Data were expressed as fold changes by comparing with hydroxyproline content of the control group.
Statistical Analysis

Results
FI induces liver damage
To induce RILD in mice, whole liver of mouse was fractionally irradiated with 6 Gy for Liver sections from mice treated with FI were examined for morphological changes using group, megamitochondria and nodular regenerative hyperplasia were apparent in the 5 FI These results suggest that the acute liver damage occurred in response to the repetitive exposure of radiation.
Hedgehog signaling activated in FI-treated livers of mice
induced by robust RNA production of shh Hh (Ihh), showed a steady increase in both RNA and protein levels. Interestingly, precursor Ihh showed the number of irradiation-dependent decrease, whereas processed Ihh (the active form of Ihh) [22] showed the number of irradiation-dependent increase in the FI 6-and 10-week radiation groups.
In mammals, circadian rhythms synchronize a broad range of physiological processes with environmental conditions, such as eating and sleeping pattern. It is well-known that the nutrient and hormone signalling to regulate metabolism and energy homeostasis, as well mice show distinct circadian variations, such as hepatic enzyme activity, liver proliferation, cell cycle and transcriptional responses [35] [36] [37] . Furthermore, circadian dysregulation in the liver has been shown to be closely associated with liver diseases, including liver steatosis, conducted carefully to not negatively impact this system. In the current study, we irradiated the mice at the same time to eliminate any hepatic circadian variation. It was expected that the level of response would increase in line with an increase in the possible that the liver is hyperactivated, rapidly triggering the repair process as soon as the radiation might exceed the threshold ability of liver repair and trigger dysregulated repair hepatic irradiation appears to cause a loss of regenerative capacity, and it may render an irradiated liver incapable of preventing hepatic disorders.
an autocrine manner and promote a remodeling response to liver injury [17, 41] . In our FI active Ihh showed a gradual increase in the number of irradiation-dependent manner. It et al. reported that the temporal transcriptional response of genes to radiation differed depending on their functions [43] .
Our understanding of RILD derives mostly from clinical observations [5, 44, 45] and patient-derived histopathology [46, 47] due to the lack of a suitable animal model showing to be generated by non-radiation factors, toxins, and drugs. For example, monocrotalin A combination of whole body radiation with a low-protein diet-induced liver necrosis and in rodents [55, 56] , dogs [57] , or rhesus monkeys [58] . Importantly, one recent study showed that hypo-fractionated liver irradiation generated hepatic venous injury similar to human monkey models have an advantage of being biological similar to humans, their long life span, the high cost of studies, and lower accessibility constitute a major burden for scientists seeking to conduct experiments. Therefore, small animal models (e.g., murine models) are essential for investigating and elucidating the mechanisms of RILD. In the present study, we generated a murine model that mimics human RILD and examined the effect of FI on the in this experimental mouse model, the FI-treated mice in the acute response model showed also showed morphological changes ( Fig. 2 and 6 ). In addition, as shown in Fig. 7 , FI induced in the late response FI model. These responses were induced by radiation treatment only, not in combination with non-radiation factors. These results suggest that this murine model has potential as a resource for investigating the pathogenetical mechanisms in the early and late phases of RILD.
In conclusion, we have showed that Hh signaling is activated in response to FI and response model in our study, severe hepatic damage with apoptotic hepatocytes was is suitable for studying RILD and that Hh signaling is a promising target for the development
